Abstract Antioxidant enzymes are the parasite's premier resource to defend themselves against reactive oxygen species generated by macrophages, neutrophils and eosinophils of the host. These enzymes may be particularly important for parasites involved in chronic infections, such as parasitic helminths. Glutathione (GSH) and glutathione reductase (GR) are parts of the GSH redox cycle, which protects cells against damage by oxidants. Both GSH and GR are present in significant amounts in Setaria cervi female worms. GR has a central role in glutathione metabolism and as such is a potential target for chemotherapy. The aim of the work was to purify and characterize GR from S. cervi and to compare the properties of the helminth enzyme with its mammalian counterpart. GR was purified from filarial parasites S. cervi and preliminary steady state kinetics was performed. The purified protein was observed to be a dimer of 55 kDa subunit as evident from SDS-PAGE analysis. Kinetic studies revealed significant differences in the properties of S. cervi GR from its mammalian counterpart which may be exploited in chemotherapy of filariasis. Filarial GR is thus proposed as a potential drug target.
Introduction
Lymphatic filariasis, a disease caused by filarial worms, is a major public health and socioeconomic problem in most of the developing countries of south-east Asia. Worldwide, about 120 million people are infected with Wuchereria bancrofti and Brugia malayi. The mainstay of filarial control is chemotherapy, and this is likely to remain so the foreseeable future. The treatment of filariasis consists of chemotherapy directed against the adult worms (macrofilaricidal) and against the microfilariae (microfilaricidal) combined with symptomatic treatment to relieve the damage caused by the body's immunological reaction to dead and dying worms. Control of filariasis remains disappointing due to lack of appropriate one-shot chemotherapeutic agents capable of eliminating adult parasites (Ottesen and Ramchandran 1995) . Therefore, an antifilarial drug is required which can kill the adult parasites slowly, has microfilaricidal activity and at the same times sterilize the female worms.
The tripeptide glutathione (GSH) has been identified as an important part of the antioxidant system of filarial worms to protect them from the oxidative stress created by the host. The significance of GSH and related metabolism to filariae has been indicated by the finding that sustained severe reduction in endogenous GSH pools within adult filariae accelerated a drop in microfilarial output and eventually led to the death of the parasites. It has been shown that interference with the filarial GSH metabolism has curative effect on filarial infections in mice . The finding that filariae in vitro are also able to salvage exogenous GSH, unlike most, if not all, mammalian cell populations, points to a promising target for selective inhibition. In view of published findings Meister and Anderson 1983) suggesting that maintenance of a characteristic and relatively high intracellular ratio of reduced to oxidized glutathione (GSH/GSSG) is vital to adult filariae, the enzymes involved in its de novo synthesis (glutamate cysteine ligase), and its replenishment (glutathione reductase, GR) can thus be harnessed as important chemotherapeutic targets.
The flavoenzyme GR (glutathione: NADP ? oxidoreductase, GR, E.C. 1.8.1.7), is the central enzyme of antioxidative defence and catalyzes the regeneration of the reducing tripeptide Glutathione (GSH) from its disulfide GSSG
GR creates an intracellular GSH/GSSG ratio of 20-1,000 depending on the respective metabolic conditions (Schirmer and Schulz 1987) . A high GSH/GSSG ratio is essential for protection against oxidative stress (Carlberg and Mannervik 1985) . Due to its central role in cellular redox metabolism, inhibition of the GR from the parasites represents an important approach to antiparasitic drug development. If the enzyme from host and parasite differ in their susceptibility to inhibitors, it will be of practical relevance. The wide distribution of reduced glutathione (Jocelyn 1972 ) reflects the general importance of GR.
GR is present in numerous micro-organisms, protozoa, plants and higher animals (Krauth-Siegel et al. 1982; Tutic et al. 1990; Collinson and Dawes 1995; Stevens et al. 1997 ). The protein is a homodimer that possesses two identical subunits, each containing 1 FAD and 1 redox-active disulfide/ dithiol as components of the catalytic apparatus (Schirmer et al. 1989; Deonarain et al. 1990; Argyrou et al. 2004 ). The human protein has been isolated from erythrocytes (Worthington and Rosemeyer 1974) and its three dimensional structure determined (Schulz et al. 1975; Karplus and Schulz 1987) . The structures and the reaction mechanisms of human enzyme and E. coli GR have been intensively examined (Schirmer et al. 1989; Mittl and Schulz 1994; Perham et al. 1996) . The crystallographic analysis of GR clarifies the construction of the protein from four different domains: an N-terminal FAD binding domain, the subsequent nicotinamide adenine dinucleotide phosphate (NADPH) binding domain, the central domain as well as interface domain responsible for dimerization (Pai et al. 1988; Karplus and Schulz 1989; Perham et al. 1996; Savvides et al. 2002) .
GR has been purified from many different sources such as rat liver (Carlberg and Mannervik 1975; , calf liver , gerbil liver (Le , human erythrocytes (Worthington and Rosemeyer 1974; Krohne-Ehrich et al. 1977) , bovine erythrocytes , porcine erythrocytes (Boggaram et al. 1979) , sheep brain (Açan and Tezcan 1989) , sheep liver , rodent malaria parasite Plasmodium berghei (Kapoor et al. 2008 ) and some of its characteristic properties have been determined. With few exceptions, GR is a homodimeric protein with subunits of about 55 kDa Halliwell and Foyer 1978; Libreros-Minotta et al. 1992) .
GSH and GR have been analyzed and detected in many filarial species viz. Acanthocheilonema viteae, Litomosoides carinii and Setaria cervi (Singh et al. 1997; Gupta et al. 2002) . The O. volvulus GR (OvGR) gene has been cloned and sequenced (Müller et al. 1997) . GRs from two cattle filariae (S. digitata and O. gutturosa) have been isolated and their properties have been compared to those of human erythrocyte GR. Although their physical and kinetic properties are very similar, studies on the inhibition of the enzymes by the trivalent melaminophenyl arsenical melarsen oxide revealed that human GR is less susceptible to inhibition by the arsenical than the filarial enzymes (Müller et al. 1995) . Moreover, the mechanism of inhibition was found to be different in host and filarial enzymes, competitive inhibition was found in the case of human enzyme where as filarial GRs were inhibited in two stages: an immediate partial inactivation followed by a timedependent stage with saturable pseudo-first-order kinetics.
The present work describes the isolation and purification of native GR from adult females S. cervi and subsequent biochemical and kinetic studies on the native enzyme that reveal significant differences between the parasitic and mammalian enzyme. These differences between host and parasite enzyme might reflect differences in the primary and secondary structure of the proteins that may be exploited for the design of new specific macrofilaricidal drugs (Müller et al. 1995) .
Materials and methods

Chemicals
Oxidized and reduced glutathione (GSSG and GSH), NADPH, Tris, sodium L-glutamate, phenyl methyl sulfonyl fluoride (PMSF), trisodium citrate, EDTA, ammonium sulfate, sodium chloride (NaCl), Sepharose 6B, cyanogen bromide (CnBr), ethanolamine, sodium borate, potassium chloride (KCl), sodium azide, GR, dithiothreitol (DTT), sodium sulfate, and BSA were purchased from Sigma Chemical Co., USA. All reagents used in electrophoresis and activity staining were purchased from Sigma Chemical Co., USA. 2 0 ,5 0 ADP was purchased from Sigma Chemical Co., USA. Folin Ciocaltaeu's phenol reagent and 2,6-dichlorophenol indophenol (DCIP) were purchased from Sisco Research Laboratories, Mumbai, India. CarboxymethylSepharose (CM-Sepharose) and diethylaminoethane-Sepharose (DEAE-Sepharose) were purchased from Amersham Pharmacia and Hanks balanced salt solution (HBSS) was from Himedia Laboratories Pvt. Ltd. Mumbai, India. All other chemicals used were of analytical grade.
Biological materials
Collection of filarial worms S. cervi Adult bovine S. cervi females of average body weight 35 ± 5 mg and length 6.0 ± 1.0 cm were collected from the peritoneal cavity of freshly slaughtered naturally infected water buffaloes Bubalus bubalis (Linn.) at a local abattoir. They were thoroughly washed with saline and kept in HBSS with sodium bicarbonate and glucose (5.55 mM) for 60 min at 37°C in Dubnoff metabolic shaker for complete revival before being used in enzymatic studies.
Preparation of GR from filarial worms S. cervi
A 10 % homogenate of actively motile bovine filarial worms was prepared in Tris-HCl buffer, 50 mM, pH 7.5 containing 1.0 mM glutamate, 5.0 mM MgCl 2 and 0.1 mM PMSF using a Potter Elvehjem glass homogenizer fitted with a Teflon pestle. Glutamate was added to stabilize the enzyme. The homogenate was centrifuged at 1,0009g for 15 min, 10,0009g for 30 min, and subsequently at 100,0009g for 60 min to obtain mitochondrial, post mitochondrial and cytosolic fractions, respectively.
GR activity determination
GR activity in various dialyzed fractions obtained as a result of subcellular fractionation was determined spectrophotometrically at 340 nm (Carlberg and Mannervik 1985) . All enzyme kinetics experiments were carried out at room temperature (37°C) using a Shimadzu double beam UV spectrophotometer. Enzyme activity was spectrophotometrically monitored from the rate of conversion of NADPH to NADP (e 340 = 6.2 mM -1 cm -1 ). For each assay the absorbance of NADPH in the reaction mixture was measured over a period of 5 min. Enzyme aliquots were preincubated in the presence of NADPH for 5 min in order to trace the non-enzymatic oxidation, after which GSSG was added to start the reaction. To correct for non-specific oxidation of NADPH, the blank cuvette contained all the assay components except GSSG.
A unit of enzyme activity was expressed as the amount that catalyzes the consumption of 1 lmol of substrate per minute, using a molar extinction coefficient of 6.2 mM
Protein estimation
Protein was estimated in the crude homogenate/sub-cellular fractions using BSA as standard (Lowry et al. 1951 ).
Biochemical and functional characterization of GR from S. cervi
Ammonium sulfate precipitation
The cytosolic fraction was subjected to ammonium sulfate fractionation. For the goal, the fraction was brought to a final concentration of 0-80 % saturation with solid ammonium sulfate. All the samples were analyzed for GR activity, which was found enriched in the 65-80 % ammonium sulfate saturated fraction. This fraction was stored at 4°C and used as the source of GR.
Ultrafiltration
For further purification of GR, the 65-80 % ammonium sulfate saturated fraction was concentrated by ultrafiltration. For this, precipitate obtained after ammonium sulfate cut was dissolved in minimum amount of homogenization buffer and was then centrifuged through a microcon centrifugal filter device fitted with a 30 kDa molecular mass cut-off filter at 12,0009g for 15 min at 4°C. The retentate obtained was divided into two batches of (2.5 ml each) and each of them was subjected to ion-exchange chromatography.
Ion-exchange chromatography
Solvents A (0.05 M citrate buffer, pH 5.5) and B (0-3.0 M NaCl in 0.05 M citrate buffer, pH 5.5) were degassed for 5 min. For cation-exchange chromatography, CM-Sepharose preswollen in 20 % ethanol was prepared by decanting 20 % ethanol solution and replacing it with starting buffer (0.05 M citrate buffer pH 5.5). The CM-Sepharose slurry was degassed and packed in a glass column upto a vertical height of 12 cm. About two bed-volumes of citrate buffer were passed through the column for equilibration. Three milliliters of 65-80 % ammonium sulfate precipitate from S. cervi was loaded on exchanger bed. The flow rate was adjusted between 10 and 15 ml/h (0.3 ml/min) and 1.0 ml fractions were collected in different tubes. The column was subsequently washed with citrate buffer and 1.0 ml fractions were collected in different tubes. Finally, the bound proteins were eluted by applying a linear gradient of NaCl from 0 to 3.0 M in starting buffer. For anion-exchange chromatography, the above procedure was repeated using DEAE-Sepharose as anion exchanger and replacing solvent A with 0.02 M Tris buffer, pH 8.0 and solvent B with 0-1.0 M NaCl in 0.02 M Tris buffer, pH 8.0. The bound proteins were eluted by applying a linear gradient of NaCl from 0 to 1.0 M in starting buffer.
GSH-Sepharose affinity chromatography
Coupling of ligand to Sepharose
The GSH affinity column was prepared according to published procedure (Simons, and Vander Jagt 1977) . The coupled gel was washed with 100 ml of water and the remaining active groups were blocked by allowing the gel to stand in 1.0 M ethanolamine for 4 h.
Chromatographic procedures
The affinity column was used at 4°C. The protein sample was applied to the GSH-Sepharose affinity column (15 ml volume), previously washed with 0.5 M KCl and equilibrated with buffer A (10 mM Tris-HCl, 1.0 mM EDTA and 3.0 mM DTT, pH 8.0) at a flow rate of 30 ml/h. After sample application, the column was sequentially washed with buffer B (10 mM Tris-HCl, 1.0 mM EDTA, 3.0 mM DTT and 0.7 M NaCl, pH 8.0) and buffer C (10 mM Tris-HCl, 1.0 mM EDTA, 3.0 mM DTT and 10 mM GSH, pH 8.0). Fractions of 2.0 ml each were collected and tested for conjugation activity towards NADPH and absorbance at 280 nm.
ADP-Sepharose affinity chromatography
Coupling of ligand to Sepharose Sepharose 4B was activated by the CnBr method (Axén et al. 1967) , using a 1 M buffered solution of potassium carbonate (pH 11) and 10 g CnBr/100 ml gel. The coupled gel was exhaustively washed with 0.1 M NaHCO 3 -1.0 M NaCl and stored in 50 % glycerol and 0.1 % sodium azide (4°C) until use.
Chromatographic procedures
The ADP-Sepharose affinity column was used at 4°C. The protein sample in 50 mM potassium phosphate buffer containing 1.0 mM EDTA, pH 6.0 (buffer A) was loaded onto the column and washed with 25 ml 0.1 M potassium phosphate, pH 6.0 and 25 ml 0.1 M potassium phosphate, pH 7.85 (buffer B). Bound proteins were then eluted with two column volumes of 50 mM potassium phosphate buffer containing 1.0 mM EDTA, pH 6.0, 0.5 mM GSH and 1.0 mM NADPH (buffer C). Fractions of 1.0 ml each were collected and tested for activity. The peak of activity determined by conjugation activity towards NADPH and absorbance at 280 nm was collected and active fractions were pooled and concentrated by ultrafiltration.
Electrophoresis
SDS-PAGE
SDS-PAGE was performed on a 12 % gel according to the method of Laemmli (1970) . All reagents for SDS-PAGE were prepared and stored under specified conditions. The following molecular mass standards were used: trypsinogen (24 kDa), glyceraldehyde-3-phosphate (36 kDa), ovalbumin (45 kDa), glutamic dehydrogenase (55 kDa), BSA (66 kDa), and b-galactosidase (116 kDa).
Activity staining
Native PAGE was performed on a 7.5 % gel according to the method of Laemmli (1970) . The activity staining method for GR (Okpodu and Waite 1997) is based on the fact that GSH can reduce DCIP. Following electrophoresis, native gels were removed from glass plates with water, and assayed for GR activity by incubating in 25 mM Tris-Cl (pH 7.6), 3.4 mM GSSG, 0.4 mM NADPH, 1.2 mM MTT and 0.04 mM DCIP for 25 min at room temperature after which purple insoluble formazan appeared on the gel surface at points where GR activity was present.
Kinetic and inhibition studies
All kinetic and inhibition studies were carried out using dialyzed preparations of enzyme to avoid interference due to ammonium sulfate and Tris-HCl. The K m value of native GR for substrate GSSG was determined using varying GSSG concentrations and a fixed NADPH concentration of 1.0 mM. The K m value for substrate NADPH was determined using varying substrate concentrations and a fixed GSSG concentration of 1.0 mM. Data were plotted as double reciprocal Lineweaver-Burk plots to determine the apparent K m values.
Inhibition of GR activity by the products of the GR reaction i.e. NADP and GSH was studied by adding them directly in separate assay systems 10 min prior to addition of the substrate. For determination of dose-dependent effects of NADP and GSH and their respective inhibitor constants (K i ), the purified enzyme was incubated with varying concentrations of each inhibitor for 10 min at room temperature in presence of 100 mM potassium phosphate buffer, pH 7.0.
For determining the type of inhibition, enzyme was incubated with varying concentrations of inhibitors at different substrate concentrations for 10 min at room temperature in the presence of 100 mM potassium phosphate buffer, pH 7.0. Percent inhibition of enzyme activity was calculated as follows:
Statistical analysis
Results were expressed in terms of mean ± standard deviation (SD) based on all experiments performed in either triplicates or quadruplicates.
Results
GR localization and characterization
Setaria cervi GR activity was found to be maximal in the cytosolic fraction. The specific activity profile of S. cervi cytosolic fraction showed enrichment of GR activity in 65-85 % ammonium sulfate fraction. GR, which was purified around fivefold in the ammonium sulfate fraction, was further enriched to around ninefold by ultrafiltration.
GR activity was found nearly 1.3-fold enriched on CMSepharose column (Fig. 1) , and nearly 1.8-fold enriched on DEAE-Sepharose column (Fig. 2) .
When partially purified GR was applied to GSHSepharose 6B affinity matrix, the enzyme activity eluted with buffer B alone, indicating that GR did not bind to the GSH-Sepharose column. On the other hand, when partially purified GR was applied to 2 0 5 0 -ADPSepharose 6B affinity matrix, the enzyme activity eluted with 1.0 mM NADPH in phosphate buffer, and was found enriched around 37.7-fold (Fig. 3) . This purification procedure delivered a highly purified enzyme, exhibiting a single band on SDS-PAGE (Fig. 4a) . The enzyme was found to retain its biological activity and activity staining was also detected when PAGE was done under non-denaturing conditions on a 7.5 % gel (Fig. 4b ).
Stability
The purified enzyme was found to be fairly stable at 0-4°C, and there was no appreciable effect of freezing and thawing on enzyme activity for approximately a month.
Effect of pH
The pH profile of S. cervi GR was determined with NADPH as cofactor. In order to determine the optimum pH, phosphate and Tris-HCl buffers were used within the pH range of 5.7-8.0 and 8.5-10.0, respectively; the results 
Total protein (mg)
Total Activity Total protein Gradient Fig. 2 Elution profile for total protein and total activity of S. cervi GR from DEAE-Sepharose column. W1-W2 1.0 ml fractions after washing the column with Tris buffer, 1-13 1.0 ml fractions (proteins) eluted by applying a linear gradient of NaCl from 0 to 1.0 M in starting buffer. Activity was expressed as lmol NADP released/ min ± SD based on experiments done in quadruplicates showed a broad pH optimum centered around pH 7.0 (Fig. 5) .
Effect of buffer strength
Setaria cervi GR activity increased linearly with increasing concentration of phosphate buffer with maxima at 100 mM (Fig. 6a) .
Effect of Salts
The monovalent salts like NaCl, KCl, and NH 4 Cl caused an inhibition in enzyme activity when added in the assay system in 0.1-1.0 M concentration range (Fig. 6b) .
Kinetic studies
The reaction catalyzed by cytosolic GR from S. cervi was found to be fairly linear with respect to time (30 s to 5 min) and amount of enzyme protein (4.23-42.3 lg). GR from S. cervi displayed Michaelis-Menten behavior with regards to the standard substrate CDNB and co-substrate GSH. Reciprocal plots of 1/v versus 1/[S] gave the kinetic parameters relating to one substrate in presence of saturating concentration of the second substrate. The K m values of native S. cervi GR with respect to NADPH and GSSG were found to be 0.019 and 0.047 mM respectively. The K m of the purified enzyme with respect to NADPH (Fig. 7a) and GSSG (Fig. 7b) showed little difference from that obtained with the crude enzyme (0.021 and 0.05 mM respectively). 
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Total Activity Total Protein Fig. 3 Elution profiles for total protein and total activity of S. cervi GR from ADP-Sepharose column. E1-E10 1.0 ml fractions collected by applying 50 mM potassium phosphate buffer containing 1 mM EDTA, pH 6.0, 0.5 mM GSH and 1.0 mM NADPH. Activity was expressed as lmol NADP released/min ± SD based on experiments done in quadruplicates Inhibition studies
The K i values obtained for product inhibition by NADP (0.03 mM) and GSH (5.9 mM), however, were slightly lower than those for the crude enzyme (0.048 and 6.8 mM respectively). From the reciprocal plots, the inhibition by NADP was clearly competitive with respect to NADPH and non-competitive with respect to GSSG (Fig. 8) . The other product of the GR reaction i.e. GSH inhibited the enzyme in a non co-operative manner.
Discussion
The present study describes the purification and characterization of GR from adult filarial worms S. cervi. The enzyme was purified by a combination of salt fractionation, ion exchange and affinity chromatography and further characterized by gel electrophoresis. Activity Staining revealed the presence of a single isoenzyme of GR in S. cervi. The enzyme was purified 37.7-fold and with a yield of 42.0 %. Enzyme activity was affected by buffer concentration and the presence of monovalent salts as reported for the enzyme from yeast (Moroff and Brandt 1975) and the cestode Moniezia expansa (McCallum and Barrett 1995). The pH optimum was found to be 7.0 and the K m values with respect to GSSG and NADPH were found to be 0.047 and 0.019 mM respectively. The parasitic enzyme has been found to be inhibited by a variety of compounds including arsenic derivatives, 2,4,6 trinitrobenzene sulfonate 1,3-bis(2-chlorethyl)-1-nitrosourea, 1-chloro-2,4-dinitrobenzene, methylene blue and oxidized glutathione (results not shown).
The substrate specificity and inhibition profile appears to be similar to GR from mammalian sources (Carlberg and Mannervik 1985) . The results indicate that for both the enzymes, the affinity towards NADPH is higher than GSSG. Results are in agreement with those reported for GR (a) (b) Fig. 7 Lineweaver-Burk double reciprocal plots for K m of purified GR from S. cervi with respect to NADPH (a) and GSSG (b). Activity was measured in terms of lmol NADP released/min/ml ± SD based on experiments done in triplicates from other sources (Krohne-Ehrich et al. 1977; Lamotte et al. 2000) . The K m values obtained with respect to the substrates GSSG and NADPH i.e. 0.047 and 0.019 mM, respectively for S. cervi, were different from known values for calf liver (0.10 and 0.021 mM), rat liver (0.026 and 0.008 mM) and human erythrocytes (0.065 and 0.0085 mM). Ulusu et al. (2005) reported K m value of 0.02 mM for GSSG and 0.025 mM for NADPH while V max was 0.026 and 0.027 mM for GSSG and NADPH respectively in sheep liver GR. Product inhibition of GR by NADP is in agreement with previous work on this enzyme (Scott et al. 1963; Staal and Veeger 1969; Worthington and Rosemeyer 1976) . The S. cervi enzyme had a lower K i (0.03 mM) for NADP from the competition with NADPH, as compared to that obtained for GR of human erythrocytes (0.07 mM).
The enzyme was a homodimer of native molecular mass 110 kDa, subunit mass 55 kDa. These results correspond well with data for purified GR from human erythrocytes (Schirmer et al. 1989; Tutic et al. 1990; Becker et al. 1991; Müller et al. 1995) , mouse liver (Lopez-Barea and Lee 1979), calf brain (Gutterer et al. 1999) , fish (Speers-Roesch and Ballantyne 2005), O. volvulus (Müller et al. 1997) , as well as S. digitata (Müller et al. 1995) , where the protein has been found to have an apparent molecular mass of 97 kDa as shown in Table 1 . The protein was found to be active and stable at 0°C. The specific activity of the protein was found to be 0.0362 ± 0.0058 lmol min -1 mg -1 protein in the cytosolic fraction. It appears to be lower than that of OvGR (78 lmol min -1 mg -1 ) and HsGR (240 lmol min -1 mg -1 ), indicating a lower efficiency of catalysis for the nematode enzyme (Müller et al. 1997) . The ScGR activity ND not determined a Data obtained from Müller et al. (1995) b Data obtained from Krauth-Seigel et al. (1996) c Data obtained from Kapoor et al. (2008) d Data shown represent mean ± SE of four independent experiments was also found to be three times lower than the purified native protein of S. digitata and Ascaris suum GR which have specific activities of 24 and 32 lmol min -1 mg -1 protein, respectively. Regarding its substrates GSSG and NADPH, the purified GR displayed Michaelis-Menten behavior. Compared with HsGR, the affinity of ScGR to the substrate GSSG is slightly higher (46.5 lM compared to 58 lM) and much higher than OvGR (130 lM). With respect to substrate binding, the K m value of the ScGR domain for NADPH is within the range of values seen with K m values of other GRs: 19.0 lM for ScGR, 9.6 lM for HsGR and 10.9 lM for OvGR. Setaria cervi adult females as well as microfilariae (mf) have been found to possess an active antioxidant system. GR, glucose-6-phosphate dehydrogenase and glutathione-S-transferase have been reported to be present in low amounts, while gamma-glutamyl transpeptidase showed significant activity. These enzymes activities were reported to be higher in mf stage as compared to adult parasite.
The thioredoxin and glutathione antioxidant systems play a central role in thiol-disulfide redox homeostasis in many organisms by providing electrons to essential enzymes, and defence against oxidative stress. These systems have recently been characterized in platyhelminth parasites, and the emerging biochemical scenario is the existence of linked processes with the enzyme thioredoxin-GR supplying reducing equivalents to both pathways (Maggioli et al. 2004 ). Analysis of published data and expressed-sequence tag databases indicates the presence of linked thioredoxin-glutathione systems in the cytosolic and mitochondrial compartments of platyhelminths (Salinas et al. 2004) .
Parasitic helminths have a coexistence with mammalian hosts whereby they survive for several years in known hostile conditions of their hosts. Many explanations exist describing how these parasitic helminths are able to survive. In the last years, a lot of studies have focused on both enzymatic and non-enzymatic antioxidant systems now shown to exist in these parasites and which may serve as defence tactics against the host-generated oxygen radicals (Chiumiento and Brushchi 2009) .
Many parasites appear to be more sensitive to oxidative stress than their mammalian hosts (Krauth-Siegel et al. 1991) . Clinical observations and experimental evidence suggest that oxidative stress plays a dominant role in the defence against parasitic infections Fairlamb and Cerami 1985; Penketh and Klein 1986) , and the participation of the redox systems of the parasite is critical to its survival in a hostile environment (Rendóna et al. 2004) . In helminths, this is of particular interest with respect to protection against the respiratory burst of activated cells of the host's immune system and susceptibility to drugs whose mode of action involves the generation of free radicals (Brophy and Pritchard 1992) . Due to its central role in cellular redox metabolism, inhibition of the GR of filarial worms represents an important target in the design and synthesis of antifilarial agents.
In conclusion the GR of S. cervi resembles the mammalian enzyme in its general physical properties and its substrate and inhibitor profile. However, the parasite enzyme appears to be more sensitive to inhibition by sodium ions as compared to the mammalian enzyme. It is well known that organic arsenicals have macro-filaricidal effects but are discarded because of their toxic effect to mammals. Other compounds targeting filarial GR are thus required. The central role of GR in maintenance of the thiol redox state and in anti-oxidative defense has to be evaluated in more detail in order to establish the essential function of this enzyme in the survival of the filarial parasite.
